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Description 
LAMP 



Technical Field 



The present invention relates to halogen lamps, HID lamps and 
5 the like. 

Background Art 

Lamps such as metal halide lamps commonly include a glass bulb 
(external bulb) with a concave portion formed at one end part, and 
10 an E-type base that is fixed to the one end of the glass bulb and 
has an eyelet part and a shell part. 

A arc tube with electrodes disposed therein is provided inside 
the glass bulb. 

Further, two leads for supplying electrical power to the 
15 electrodes extend out from the end of the glass bulb that is at the 
base. 

One of the leads extends through a through hole provided in 
the eyelet part of the base, and is soldered to the outside surface 
of the eyelet part to form an electrical connection with the eyelet 
20 part. 

The other lead extends from the concave section of the glass 
bulb, and passes between the glass bulb and the shell part of the 
base, being electrically connected to the shell part by solder poured 
into a gap between the concave portion and the base. 
25 The solder poured into the gap between the concave portion 

and the base connects to the glass bulb and the base, and further 
functions to prevent the base from rotating with respect to the glass 
bulb. 
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Note here that, during metal halide lamp operation, the 
temperature of the base reaches 200 °C or more due to the heat generated 
in the arc tube. Hence, the solder used in the base section must 
not only be a high temperature solder, but one that does not melt 
5 even at temperatures of 200 °C or more. 

Note that, in this specification, a solder whose solidus 
temperature is 183 °C, the melting point of Pb-63Sn, or more is referred 
to as a high temperature solder. 

Conventionally, solders such as Pb-20Sn and Pb-lOSn, which 
10 are described in JIS Z 3281 (1999), have been widely used as high 
temperature solders in the base section of lamps . Such high temperature 
solders, whose main constituent is Pb, have good solderability with 
respect to bases made from brass, nickel plated brass and the like. 

Note that the "good solderabilty" referred to here means, in 
15 terms of the manufacturing process, that solder wire can be used, 
that solder is easily fed into the soldered section, and that the 
melted solder sets quickly; and in terms of solder quality, that 
respective alloy layers are formed between the lead material, the 
solder and the base material, and that the formed electrical 
20 connections are stable. 

However, in recent years, due to environmental considerations, 
regulation against the use of high temperature solder with lead as 
the main constituent has continued globally. For this reason, there 
is a strong demand for lead- free solder, which does not include Pb. 
25 To realize such a lead-free solder, solders containing Sn as 

their main constituent, and including other appropriately added 
elements have been examined. 

Specifically, an alloy composed of mainly of Sn, containing 



between 1% and 2.5% exclusive of Cu by mass, has been proposed as 
a lead-free solder for use in lamps (see laid open Japanese patent 
application 2002-245974). 

However , when lamps using this type of lead-free solder composed 
5 of an Sn-Cu alloy were used, for instance, in low temperature conditions 
where the temperature of the surroundings reached -40 °C, a problem 
occurred. This problem was cracking in the soldered section, causing 
poor conduction between the leads and the base. 

On consideration of this problem, the following conclusions 
10 could be drawn. 

Namely, if a lamp is used in low temperature conditions where 
the ambient temperature is -40 °C, when the lamp is not operating, 
the temperature of the base is the same as the temperature of the 
surroundings, whichis -40°C. However, when operating, the temperature 
15 of the base is 200° Cor more. Hence, the temperature difference between 
the on and off states for the lamp is extremely large. 

Moreover, if the lead free solder composed of Sn and Cu approaches 
or exceeds its solidus temperature, as is it does when the lamp is 
on, even supposing it does not melt, its bonding strength will be 
20 much reduced. 

Due to the factors described above, it may be concluded that 
that, when a lamp is switched from on to off, the base temperature 
falls quickly from a high temperature of 200 °C or more to a very 
low temperature, the solder comes under a large stress because of 
25 the differing rates of thermal expansion for the solder and the base, 
and cracking occurs in the in the soldered section. 

Further, in lamps using lead-free solder composed of Sn and 
Cu the problem occurred whereby the leads easily separated from the 



solder. 

This problem is considered to occur because of insufficient 
heat-resistance in the lead-free solder. 

5 Disclosure of the Invention 

The present invention was conceived in order to solve the stated 
problems, and has a particular object of providing a lamp using 
lead-free solder in which cracking does not occur in the soldered 
section, when the lamp is used in an environment where the temperature 

10 difference between the on and off states of the lamp is very large. 
A further object is to provide a lamp in which the separation of 
the leads and the lead free solder used in the lamp is prevented 
by increasing the heat resistance of the lead- free solder. 

In order to achieve the objects described above, the present 

15 invention is lamp including: a glass bulb; a base attached to one 
end of the glass bulb; leads for supplying electrical power; and 
lead-free solder electrically connecting the leads to the base, 
wherein the lead-free solder is composedmainly of Sn, further contains , 
at least, between 5% and 40% inclusive of Sb and between 0% and 10% 

20 inclusive of Cu by mass, and has a solidus temperature of at least 
235°C. 

With this construction, separation of the leads from the solder 
can be prevented because the heat resistance of the solder is higher 
than that of conventional lead-free solder. Further, cracking does 
25 not occur in the soldered section, even when the lamp is used over 
a long period in cold conditions, where the temperature difference 
between the on and off states of the lamp is very large. 

Consequently a longer lamp lifetime can be achieved. 
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Further, the present invention is a lamp including: a glass 
bulb having a concave portion; a base attached to the glass bulb 
so as to cover at least part of the concave portion; a lead for supplying 
electrical power having an end section located in the concave portion; 
5 and lead-free solder poured into the concave section to electrically 
connect the base and the lead, wherein the lead-free solder is composed 
mainly of Sn, further contains, at least, between 5% and 40% inclusive 
of Sb and between 0% and 10% inclusive of Cu by mass, and has a solidus 
temperature of at least 235 °C. 

10 With this construction, separation of the lead from the solder 

can be prevented because of the improvement in the heat resistance 
of the solder. Further, cracking does not occur in the solder, even 
when the lamp is used over a long period in very cold conditions 
where the temperature difference between the on and off states of 

15 the lamp is very large. 

Also, since the tensile strength (Pa) of the lead-free solder 
is high, even when a torque is applied between the base and the glass 
bulb, the lead-free solder resists deformation. Thus, the base can 
be reliably prevented from rotating with respect to the glass bulb. 

20 Further, the lead-free solder may further contain Ni, Co, Fe, 

Mo, Cr, and Mn with a combined mass content of between 0% and. 0.5% 
inclusive. With this construction, the flow characteristics of the 
lead-free solder are better, and the solderablity of the lead-free 
solder can therefore be improved. 

25 Further, the lead free solder may further contain Ag and Bi 

with a combined mass content of between 0% and 1% inclusive. With 
this construction, the heat resistance of the solder can be further 
improved . 



Further, the lead-free solder may further contain at least 
one of P, Ge and Ga, and a combined mass content of P, Ge, and Ga 
be between 0.001% and 0.05% inclusive. With this construction, the 
oxidation resistance of the solder can be improved, and the increase 
5 in contact resistance due to oxidation at the surface of the solder 
can be suppressed. 

Brief Description of the Drawings 

10 FIG. 1 is a front view with cut-away section of a metal halide 

lamp that is an embodiment of the present invention; 

FIG. 2 is an enlarged elevation of part of the metal halide 

lamp; 

FIG. 3 is an enlarged cross-sectional view of a part of glass 
15 bulb used in the metal halide lamp; and 

FIG. 4 is a table showing the melting temperature and temperature 
cycle test results for lead-free solders of varying composition. 

Best Mode for Carrying Out the Invention 
20 An embodiment of the present invention is described below with 

reference to the drawings. 

As shown in FIG. 1, the metal halide lamp of the embodiment 
of the present invention includes a glass bulb 2 with an internal 
arc tube 6, and a base 7 attached so as to cover at least part of 
25 a concave portion 1 (see FIG. 2) of the glass bulb 2. 

The glass bulb 2 may, for example, be made from hard glass 
or quartz glass. 

A stem section 3 is provided inside the glass bulb 2 at the 
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base end of the glass tube, and two stems 4a and 4b are sealed into 
to the stem section 3. The two stems 4a and 4b sealed into the stem 
section 3 have end parts that extend from the stem section 3 into 
the glass bulb 2. 

5 The end parts of the stems 4a and 4b on the stem section 3 

side connect to leads 10 and 11, and the end parts that extend inside 
the glass bulb 2 connect to power supply lines 5a and 5b. 

As well as supplying electrical power to electrodes 9a and 
9b inside the arc tube 6, the pair of power supply lines 5a and 5b 
10 reinforce the arc tube 6. 

The arc tube 6 includes an emission section 18 that forms a 
discharge space within which the pair of electrodes 9a and 9b are 
disposed so as be opposite one another. Sealing parts 19a and 19b 
are provided at respective ends of the emission section 18 . 
15 Metal iodides, mercury, inert gases and the like are each 

enclosed in the emission section 18 in predetermined quantities. 

The two electrodes 9a and 9b are connected to exterior leads 
21a and 21b via molybdenum foil 20a and 20b, which is sealed inside 
the sealing parts 19a and 19b. The exterior leads 21a and 21b connect 
20 to the power supply lines 5a and 5b. 

The base 7 is a screw type (E-type) base. 

As shown in FIG. 2, the concave portion 1 and thread section 
8 are provided on the end of the glass bulb to which the base 7 is 
attached. 

25 As shown in FIG 3, the base 7 includes the eyelet part 13 with 

a central through hole 12, and a shell part 15 that is provided via 
a glass insulator 14 in the eyelet part 13. The eyelet part 13 and 
the shell part 15 may be made of a material such as nickel-plated 



brass. Note here that FIG. 2 shows FIG. 3 as seen along direction 
X. 

The shell part 15 of the base 7 and the thread section 8 of 
the glass bulb 2 are screwed together , and thereby mechanically 
5 attached. 

One of the leads 10 is passed through a through hole 12 that 
is provided through the bottom surface of the base 7 , and is soldered 
to the exterior surface of the eyelet part 13 using lead-free solder 
16. 

10 Extending out of the other side of the glass bulb 2, the other 

lead 11 passes between the glass bulb 2 and the shell part 15 where 
the concave portion 1 is located. 

Further, the other lead 11 is electrically connected to the 
shell part 15 via lead-free solder 17 , which is poured into the gap 
15 between the concave portion 1 and the base 7. 

Here, at the concave portion 1, the lead-free solder 17 is 
in contact with both the glass bulb 2 and the base 7, and functions 
to prevent rotation, particularly reverse rotation, of the base 7 
with respect to the glass bulb 2 . 
20 Note that suitable decisions about details such as the shape 

and depth of the concave portion 1 are made after considering hereafter 
described factors such as the quantity of solder to be poured into 
the gap and the type of pouring method. 

The lead-free solder 16 and 17 is composed mainly of Sn, further 
25 contains, at least, between 5% and 40% inclusive of Sb and between 
0% and 10% inclusive of Cu by mass, and has a solidus temperature 
of at least 235*C. 

Note that, though the term "lead-free " may be intended for 
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a solder with no added lead whatsoever, in this specification the 
term "lead-f ree" also covers the case where small quantities of lead 
have unavoidably become mixed into the solder. 

If the Sb content of a solder is less than 5% by mass, the 
5 solidus temperature drops below 235 °C, and the heat resistance drops . 
Because of the drop in the heat resistance, such solders are found 
to be inappropriate for use in the base 7 whose temperature reaches 
200 °C or more when the lamp is on. If, on the other hand, the Sb 
content exceeds 40% by mass, the solder becomes brittle, and is found 
10 to detach easily after an externally applied impact to the soldered 
section. Hence, the Sb mass content has been set between 5% and 40% 
inclusive. 

Further, if the Cu content exceeds 10% by mass, the liquidus 
temperature reaches at least 450 °C, and a soldering temperature of 
15 at least 450 °C is necessary. If the soldering temperature exceeds 
450 °C, however, fracture may occur due to distortions in the glass 
section of the lamp caused by the heat, and the soldering process 
may become more difficult. 

Here, for the remaining constituents of the lead-free solder 
20 16 and 17, it is preferable that the total content of Ni, Co, Fe, 
Mo, Cr and Mn together is 0.5% or less by mass, so as to improve 
the solder flow characteristics and improve the strength of the joints 
between the base 7 and the leads 10 and 11. 

Further, for the remaining constituents of the lead-free solder 
25 16 and 17, it is preferable that the total content of Ag and Bi together 
is 1% or less by mass, so as to improve the heat resistance. 

Moreover, for the remaining constituents of the lead-free 
solder 16 and 17, it is preferable that the solder contains at least 



one of P, Ge, and Ga, and that the total content of these constituents 
together is between 0.001% and 0.05% inclusive by mass. 

This is because it was found that, if the total content of 
these constituents is less than 0.001% by mass, acid resistance of 
5 . the solder cannot be sufficiently improved, and on the other hand, 
if the total content exceeds 0.05% by mass, solderability may be 
reduced . 

Experiments were performed to ascertain the operating 
performance of metal halide lamps of the embodiment of the present 
10 invention. 

First, the metal halide lamps of the embodiment of the present 
invention were produced using the lead-free solder 16 and 17 of the 
various compositions shown in FIG. 4. 

Then, in each of the various lamps, the melting temperature 
15 of the lead-free solder 16 and 17 was measured, a temperature cycle 
test performed, and the results shown in FIG. 4 obtained. 

Note that the metal halide lamps of the examples for comparison 
1 to 5 only differ from the metal halide lamps of the embodiment 
of the present invention in terms of the composition of the solder, 
20 and are otherwise identical in construction. 

The melting temperature measurements and the temperature cycle 
tests of FIG. 4 were performed in the following manner. 

Melting temperature measurement : solidus and liquidus 
temperatures were measured using differential thermal analysis 
25 following the standards set out in JIS Z 3198 (2003) . 

Temperature cycle test: the lamps were subjected to a heat 
cycle during which each lamp was first left for 30 minutes in an 
environment where the ambient temperature was -40 °C and then left 
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for 30 minutes in an environment where the ambient temperature was 
200 °C. The number of cycles before for cracking occurred in the soldered 
section of base 7 was then counted. If cracking had not occurred 
by the 250 th cycle the lamp was considered to be durable enough for 
5 long term use (for the duration of the rated lifetime, for instance) , 
and the lamp was judged to be "satisf actory" . On the other hand, 
lamps in which cracking occurred before the 250 cycles were completed 
were judged to have "failed". 

As is clear from FIG. 4, it was discovered that, by setting 

10 the composition of the lead-free solder 16 and 17 to contain Sn as 
the main constituent, and further contain, at least, between 5% and 
40% inclusive of Sb and 10% or less of Cu by mass, a solidus temperature 
of at least 235 °C could be achieved, and hence, the heat resistance 
of the solder could be improved, separation of the lead-free solder 

15 16 and 17 from the leads 10 and 11 could be prevented, and cracking 
in the soldered section could be prevented over long periods of use. 
As a result, poor conduction between the leads 10 and 11 and the 
base 7 could be prevented, and a longer lifetime for the lamp could 
be achieved. 

20 On the other hand, in the case of the examples for comparison 

1 to 5, it was discovered that the solidus temperature was less than 
235 °C, the heat resistance was insufficient, and cracking occurred 
in the soldered section. 

Next, for each of the examples of the invention 1 to 26 and 

25 the examples for comparison 1 to 5, a torque of 10 Nm, the level 
generated when a lamp is removed from its socket (not shown), was 
applied to the base 7 to ascertain whether or not the base 7 would 
rotate with respect to the glass bulb 2. 
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Note that, in the Japanese Industrial Standard (JIS C7604), 
the standard base torque endurance in terms of twisting moment for 
a E26 type base is 2 Nm. However, here, the reference value set to 
10 Nm with practical use in mind. 
5 From the result of this test, it was discovered that base 

7 did not rotate with respect to the glass bulb 2 in the examples 
of the invention 1 to 26. This is considered to be because the tensile 
strength of the lead- free solder 17 in examples 1 to 26 was high, 
and because the lead-free solder 17 did not deform even when a force 
10 acted in the rotation direction on the base 7 with respect to the 
glass bulb 2. 

On the other hand, in the examples for comparison 1 to 5, the 
base 7 did rotate, if only by a small amount, with respect to the 
glass bulb 2 . This may be considered to be because the tensile strength 

15 of the solder in the examples for comparison was low, and hence, 
part of the lead free solder did deform when a force acted in the 
rotation direction on the base 7 with respect to the glass bulb 2. 

Hence, by using a lead-free solder 17 composed mainly of Sn, 
further containing, at least, between 5% and 40% inclusive of Sb 

20 and 10% or less of Cu by mass, with a solidus temperature of at least 
235 °C to connect the lead 11 and the shell part 15, rotation of the 
base 7 with respect to the glass bulb 2, in particular, can be reliably 
prevented. 

Note that, as examples of the tensile strength of the solder, 
25 in examples of the present invention 1, 2, 13, and examples for 
comparison 1, 2 and 5, the tensile strength of the of the solder 
was 30 MPa, 58 MPa, 90 MPa, 28 MPa, 32 MPa and 41 MPa respectively. 

Note also that though in the above embodiment the case where 
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the solder used between the lead 10 and the eyelet part 13, and the 
solder used between the lead 11 and the shell part 15 are both the 
same lead-free solder 16 and 17 has been described, the composition 
of lead-free solder 16 and 17 may be varied- 
Further, though described in the above embodiment with a regular 
halide lamp as an example, the present invention is not limited to 
such a lamp, and can also be suitably applied, for example, in high 
pressure sodium and xenon type high pressure discharge lamps, halogen 
electric light bulbs, incandescent bulbs and the like. 

Industrial Applicability 

The lamp of the present invention canbe used in lamp applications 
and the like, where it is necessary that separation of the leads 
from the solder can be prevented, and further, where it is necessary 
that a poor connection between the base and the leads resulting from 
cold environment use when there is a large temperature difference 
between the on and off states can be prevented. 
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